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Introduction

The Yurok People have relied upon Klamath River and coastal resources for their subsistence,
cultural, and economic livelihood since time immemorial. Central to Yurok culture is the harvest
of anadromous fish. Runs of anadromous fish currently returning to spawn in Lower Klamath
tributaries are depressed when compared with historical numbers. Extensive timber removal and
road building activities has resulted in chronic sedimentation of streams and floodplains; a
significant loss of channel-stored wood and riparian conifers; and a concomitant loss of habitat
diversity and production potential in the sub-basin (Payne & Associates 1989; Gale and
Randolph 2000; Beesley and Fiori 2007 & 2008; Gale and Beesley 2006; Voight and Gale 1998).

In the Klamath River, all runs of chinook salmon (Oncorhynchus tshawytscha), green sturgeon
(Acipenser medirostris), and Pacific lamprey (Lampetra tridentata) are on the decline and coho
salmon (O. kisutch) are listed as “threatened” under the Endangered Species Act. The Yurok
Tribe is dedicated to rehabilitating degraded instream and riparian habitats to levels that support
robust, self-sustaining populations of native anadromous fish. To help address this need, the
Yurok Tribe’s Fisheries (YTFP) and Watershed (YTWRD) programs have been conducting
fisheries and watershed assessments; and implementing instream and upslope restoration
activities in the Lower Klamath River Sub-basin since the late 1990s.

Initial restoration planning efforts included developing the Lower Klamath Sub-Basin Watershed
Restoration Plan that prioritized upslope restoration and identified tributary specific restoration
objectives for each Lower Klamath tributary (Gale and Randolph 2000). Sub-basin restoration
objectives included: 1) reducing sediment inputs from upslope sources by treating high priority
watershed road segments and stream crossings; 2) restoring native, conifer-dominated riparian
forests; and 3) enhancing freshwater aquatic habitats. Since 2007, YTFP has been working with
Rocco Fiori of Fiori GeoSciences (FGS) to design and implement innovative stream and
floodplain enhancement projects in priority Lower Klamath tributaries. Treatments have
included installation of constructed wood and engineered log jams (CWJs & ELJs) to facilitate
formation and maintenance of productive fish habitats (e.g. spawning beds, deep pools with
cover, slow velocity habitats), and enhancing off-channel habitats to increase salmonid rearing
capacity (YTFP 2010; Fiori 2010; Fiori et al. 2009, 2010, 2011a & 2011b; Hiner et al. 2011).

In 2009-2010, YTFP and FGS partnered with the U.S. Fish and Wildlife Service (USFWS) and
the National Oceanic and Atmospheric Administration (NOAA) (Coastal and Marine Habitat
Restoration Program - American Recovery and Reinvestment Act Funds). Primary objectives of
these partnerships were to implement priority instream, riparian, and off-channel habitat
restoration treatments in lower Terwer Creek to improve conditions for native fish and wildlife
(YTFP 2010; Hiner et al. 2011; Beesley and Fiori 2012). All work was conducted in the Lower
Arrow Mills project reach of Terwer Creek (Figures 1-2). In 2009, YTFP and FGS constructed
two ELJs (ELJ 1 & Crib Wall Jam) and extensive bioengineering to help protect valuable
riparian habitats by reducing stream velocities in the reach (Figures 3-6). In 2010, treatments
included enhancement of two off-channel habitat features to increase juvenile salmonid winter
rearing capacity (Figures 6-8). Physical habitat monitoring data collected in the Lower Arrow
Mills project reach by YTFP since 2005 indicates positive habitat response (e.g. reduced soil loss
along eastern bank, pool formation) to implemented treatments (Gale 2009; Hiner et al. 2011).



Project Overview

The current project was a partnership with YTFP, FGS, USFWS (Partners for Fish and Wildlife
— Arcata, CA), California Department of Fish and Game’s Fisheries Restoration Grant Program
(CA Adaptive Watershed Improvement Funds), and the U.S. Bureau of Reclamation (Native
American Affairs Program) to continue bioengineering and stream restoration efforts in the
Lower Arrow Mills project reach (Figure 2). Terwer Creek is a fourth order watershed draining
approximately 31.8 square miles of steep, forested terrain. Terwer Creek flows into the north
side of the Lower Klamath River 5.6 river miles upstream of the Pacific Ocean (Figure 1). The
watershed supports anadromous populations of chinook and coho salmon, steelhead (O. mykiss),
coastal cutthroat trout (O. clarkii clarkii), and multiple species of lamprey. East Fork Terwer
Creek is the largest tributary in the watershed and supports populations of coho, steelhead,
coastal cutthroat trout, and lamprey species.

Terwer Creek is located in the Klamath Glen Hydrologically Significant Area, which was given
the highest priority rating in the Recovery Strategy for California Coho Salmon (CDFG 2004).
The priority California coho recovery task addressed by this project is KR-KG-15 —
implementing instream and riparian restoration in priority Lower Klamath River tributaries. For
this project instream habitat restoration activities were conducted during late summer - fall 2010
(August — October) and during fall — early winter 2011 (October - December). No fish
relocation was necessary to perform project tasks and all other permit requirements were met.

Lower Terwer Creek Riparian Revegetation Project objectives included:

» Increasing habitat complexity and stream channel stability in lower Terwer Creek by
installing willow siltation baffles, and constructing ELJs and small fish habitat structures;
» Evaluating project effectiveness to facilitate adaptive management of the project area; and

» Creating high quality, resource-based employment opportunities for Yurok tribal members.

Willow Revetment and Tree Planting

In fall-winter 2010, YTFP crews used heavy equipment and hand labor to construct willow
revetment baffles in association with recently constructed off-channel ponds (Figure 9). Willow
baffles were constructed according to standard methods outlined in Flosi and others (1998). A
total of ~220 feet of willow baffles were constructed in association with Terwer Pond A (West
Side) and another 800 feet of willow baffles were constructed in association with Terwer Pond B
(East Side) (Figure 10). Crews also planted ~300 willow sprigs around the off-channel ponds.
Obijectives of these efforts included providing immediate high quality bird habitat, reducing
stream velocities within the project area to protect valuable riparian and off-channel habitats, and
increasing salmonid rearing habitat complexity in the recently constructed ponds. In winter
2011-2012, YTFP crews planted red alder, cottonwood, and an additional 315 willow sprigs in
riparian habitats located within the Lower Arrow Mills project area. These plantings were
implemented to further promote increased bank stability and reduce near-bank sheer stress.



Fish Habitat Structures

In 2010, YTFP and FGS constructed 23 small fish habitat structures in association with the two
constructed off-channel ponds and side channel in the Lower Arrow Mills project area (Figures
11-12). These small fish habitat structures consisted of large wood and/or rootwads with live
willow cuttings incorporated to promote increased habitat complexity. Structures were also
positioned in key areas to help reduce stream velocities and scour potential in the project area.

Engineered Log Jams

In summer 2011, YTFP and FGS used heavy equipment, whole tree materials, and live willow
cuttings to augment an existing ELJ (Terwer ELJ 1 — Lat: 41.5256, Long: -123.9872) and to
construct an additional ELJ (Terwer ELJ 2 — Lat: 41.5258, Long: -123.9870) upstream of the
existing ELJ (Figures 3-13). Terwer ELJ 1 was initially constructed by YTFP and FGS during
summer 2009 to help protect valuable riparian habitats and improve mainstem conditions for
native fish (Figure 3). Augmentation of ELJ 1 included adding whole tree materials along the
east side of the jam to increase the ability of this structure to protect valuable off-channel and
riparian habitats. Terwer ELJ 2 was constructed to help further separate high flows at this site to
promote maintenance of the side channel located just downstream of ELJ 1 — 2, reduce stream
velocities and bank erosion, and to increase mainstem habitat complexity and velocity refuge.

Physical Monitoring

YTFP conducted detailed topographic surveys in the Lower Arrow Mills project area to
document both baseline and post-project conditions. For these surveys, YTFP and FGS
established a network of permanent bench marks and several cross sections in the project area
using a real time kinematic GPS total station, an optical total station, and various survey related
computer software. All of the topographic surveys were conducted using the optical total station
and a Recon data recorder. Baseline topographic surveys were conducted in the Lower Arrow
Mills project area during July 2011. Surveys were repeated in February 2012 to document
conditions following winter flow events. Survey data was then imported into YTFP GIS and
Microsoft Excel to assess changes in the stream longitudinal profile.

In December 2011, there was a high flow event that resulted in a substantial amount of channel
change through the project reach (Figures 14-16). Shifts in thalweg position and changes in bed
topography were evident throughout the project reach (Figures 14-16). Substantial scour
occurred at ELJ 2 and the Crib Wall Jam following this flow event. The other notable change
was the migration of the main channel away from Terwer ELJ 1 (Figure 14). Analysis of cross
section data collected in the reach strongly indicates that the ELJs and willow baffles constructed
in the Lower Arrow Mills project area have resulted in reduced erosion rates along the eastern
bank and increased protection of valuable side channel and off-channel habitats (Figure 16)
(Gale 2009; Hiner et al. 2011). In winter 2012, fairly substantial erosion did however occur
along the eastern bank upstream of ELJ 2 (Figures 14 & 16). There is a critical need to build
more ELJs along the eastern bank upstream of ELJ 2 to increase channel roughness and reduce



stream velocities and bank erosion in this reach. YTFP is currently seeking the funding and
whole tree materials necessary to conduct this work in summer 2012 and/or summer 2013.

YTFP also established seven permanent photographic monitoring sites in the project area using a
hand-held GPS receiver (sub-meter accuracy) (Table 1; Figures 3-4, 7-8, 13, 17-20). These sites
will allow YTFP to document short- and long-term habitat changes in the project area and are
part of a larger network of permanent photo-points that exists in the Terwer Creek valley.
Physical monitoring activities will be repeated in summer 2012 to document conditions
following spring floods and then every 2-5 years depending on funding and flow events.

Performance Measures

USFWS Metrics

Overall stream length affected: 2,200 feet

Stream length planted or protected: 2,200 feet

Riparian zone planted or protected (length x width): 2,200 feet x 50-150 feet
Total fencing: N/A

Trees planted (number, by species): 34 Coastal Redwood, 64 Douglas Fir, 92 Sitka Spruce,
22 Western Red Cedar, 21 Port Orford Cedar, 148 Cottonwood, 6 Big Leaf Maple, and
61 Red Alder

Non-native vegetation removed (length x width): N/A

Stream bank restoration sites (number, length of stream, and technique): N/A

Instream habitat structures installed (number, type): ~15 willow and large wood structures
Road stream crossings removed/upgraded (number, type of treatment): N/A

10. Number fish barriers removed: N/A
a. Length of upstream habitat made accessible: N/A

11. Quantity of off-channel pond/wetland habitat enhanced or created: 1.5 acres
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CDFG Metrics

1. Total miles of instream habitat treated: 0.42 miles

Type of materials used for channel structure placement: Engineered Log Jams consisting of
whole trees and logs with ballast materials (native bed materials) and live willow added.

Miles of stream treated with channel structure placement:
Number of instream pools created by structure placement: 2
Number of structures placed in channel: 2

Type of monitoring: Physical monitoring (Topographic Surveys, Photo-Monitoring)
Location of monitoring: Onsite
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Recommendations

Priority recommendations for future work in lower Terwer Creek include constructing more
ELJs within mainstem habitats to continue reducing stream velocities and bank erosion by
increasing flow separation (e.g. multiple high flow channels) and channel roughness in this
reach. All ELJ work should include a comprehensive bioengineering component to help promote
forested island development and increased riparian forest productivity and resiliency. There is a
critical need to construct a minimum of three additional ELJs in the Lower Arrow Mills project
reach to help protect the newly constructed off-channel ponds and the rehabilitated riparian
habitats. Physical and biological monitoring should also be continued in the project reach to
allow for long-term assessments of restoration effectiveness and to help guide future efforts.
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Figure 1. Terwer Creek project location map (area in the red oval), Lower Klamath River.
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Figure 2. The Lower Arrow Mills Project Reach in Terwer Creek, Lower Klamath River,
California (Base image: 2005 NAIP Aerial Imagery).



Photo Site: TC ELJ1-A

Figure 3. An engineered log jam (ELJ 1) in lower Terwer Creek following construction (Top —
Fall 2019) and two years post-construction (Bottom — Fall 2012), Lower Klamath River.



Figure 4. An engineered log jam (Crib Wall Jam) in Terwer Creek during construction (Top —
Looking Downstream, Fall 2010) and two years post-construction (Middle & Bottom — Looking
Upstream, Fall 2012 & March 29, 2012 — Photo Site: TC CribWall-A), Lower Klamath River.
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Figure 6. Oblique aerial photograph of the Lower Arrow Mills Project Reach in Terwer Creek,
Lower Klamath River (Summer 2011).
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Figure 7. Photographs of Pond A constructed during 2010 in Terwer Creek, Lower Klamath
River (Photo Site: TC Pond A-1; Dates: a) July 15, 2010, b) July 27, 2010, and c) 10/30/10).
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Figure 8. Photographs of Pond B constructed during 2010 in Terwer Creek, Lower Klamath
River (Photo Site: TC Pond B-1; Dates: a) 7/15/10, b) 7/28/10, and c¢) 10/31/10).
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Figure 9. Excavator (left) and site truck (right) used to haul willow, rootwads, and other
materials related to implementing bioengineering activities in lower Terwer Creek.

. T i ; . | i ¥ e e -
% \=|_I I o e b e = i =

Figure 10. Willow baffles constructed along the inlet channel to Terwer Creek Pond A (Top -
2010) and along the outlet channel of Terwer Creek Pond B (Bottom — Summer 2011).

B

14



=L %
1 ' e -5

Figure 11. Small fish habitat structures constructed with large wood and live willow in Terwer
Creek Pond A (Top — Fall 2012) and Terwer Creek Pond B (Bottom — Fall 2012).
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Figure 12. Photographs of large wood and willow structures installed in a constructed side
channel feature of lower Terwer Creek (Fall 2012).
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Figure 13. Photographs of ELJ 2 constructed during 2011 in Terwer Creek, Lower Klamath
River (Site: TC ELJ2-A; Photo dates: a) 10/6/11, b) 10/8/11, c) 10/8/11, d) 10/14/11, e) 3/29/12).
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Figure 14. Longitudinal profiles and cross sections surveyed during 2010 - 2012 in the Lower
Arrow Mills project reach in Terwer Creek, Lower Klamath River.
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Figure 15. Longitudinal profile of Terwer Creek prior to 2011 restoration activities (2011 Plot)
and following the first high flows post-construction (2012 Plot).
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Figure 16. Cross section data collected in the Lower Arrow Mills project reach in Terwer Creek,
Lower Klamath River (Fall 2010 - February 2012).
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Figure 16. Continued.

Table 1. Photographic monitoring site information for the “Lower Terwer Creek Riparian
Revegetation Project”, Lower Klamath River (2010-2012).

File Name Date Site Name Description Lattitude |Longitude |Orientation

TC Pond A-1-071510 7/15/2010 TC Pond A-1 Pre-Project 41.5265 -123.9900 |West-Towards Road
TC Pond A-1_072710 7/27/2010 TC Pond A-1 During Project 41.5265 -123.9900 |West-Towards Road
TC Pond A-1_103010 10/30/2010 |TC Pond A-1 As-Built 41.5265 -123.9900 |West-Towards Road
TC Pond B-1_071510 7/15/2010 TC Pond B-1 Pre-Project 41.5262 -123.9859 |South, Towards Pond B
TC Pond B-1_072810 7/28/2010 TC Pond B-1 During Project 41.5262 -123.9859 |South, Towards Pond B
TC Pond B-1_103110 10/31/2010 |TC Pond B-1 As-Built 41.5262 -123.9859 |South, Towards Pond B
TC Pond B-1_032912 3/29/2012 TC Pond B-1 Pre-Project 41.5262 -123.9859 |South, Towards Pond B
TC Pond B-1_033012 3/30/2012 TC Pond B-1 Pre-Project 41.5262 -123.9859 |South, Towards Pond B
TC Bio526-A_063010 6/30/2010 TCBi0526-A Pre-Project 41.526 -123.986 |West-Towards Creek
TC Bio526-A_ 050211 5/2/2011 TCBi0526-A Post-Project 41.526 -123.986  |West-Towards Creek
TC Bio526-A_033012 3/30/2012 TCBIi0526-A Post-Project 41.526 -123.986  |West-Towards Creek
TC ELJ1-A_101509 10/15/2009 |TC ELJ1-A As-Built 41,5257 -123.9874 |East-Towards Road

TC ELJ1-A 100611 10/6/2011 TC ELJ1-A Post-Project 41.5257 -123.9874 |East-Towards Road

TC ELJ2-A 100611 10/6/2011 TC ELJ2-A Pre-Project 41.5259 -123.9874 |East-Towards Road

TC ELJ2-A_100811a 10/8/2011 TC ELJ2-A During Project 41.5259 -123.9874 |East-Towards Road

TC ELJ2-A_100811b 10/8/2011 TC ELJ2-A During Project 41.5259 -123.9874 |East-Towards Road

TC ELJ2-A 032912 3/29/2012 TC ELJ2-A Post-Project 41.5259 -123.9874 |East-Towards Road

TC ELJ1-2-East_100611 |10/6/2011 TC ELJ1-2-East  |Pre-Project 41.5259 -123.9874 |East-Towards Road

TC ELJ1-2-East_032912 |3/29/2012 TC ELJ1-2-East  |Post-Project 41.5259 -123.9874 |East-Towards Road

TC CribWall-A_101411 |10/14/2011 |TC CribWall-A  |Post-Project 41.5254 -123.9900 [South-East-Towards CribWall
TC CribWall-A_032912  |3/29/2012 TC CribWall-A  |Post-Project 41.5254 -123.9900 |South-East-Towards CribWall

19




\ f
p TCEL

4 % TC ELI2-A & TC
/f. -~ i h ELJ1-2-East
F I ‘F‘ I

TC CribwWall-A - TC ELJL-A
‘ -

o
o 130 00

L 1 i1 1 1 ! 1 1

TC Pond B-1

, TC B|0526 A

1).‘,

1,000 Feul

Base Tmage: Portions of the 2009 WATP imagery

' -

Figure 17. Map depicting permanent photo-monitoring sites established in the 2010 - 2012

Terwer Creek bioengineering project reach, Lower Klamath River.



Figure 18. Photographs taken from a permanent photo-monitoring site in Terwer Creek, Lower
Klamath River (Site: TC Bi0o526-A: Top-June 2010, Middle-May 2011, Bottom-March 2012).
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Figure 19. Photographs taken from a permanent photo-monitoring site in Terwer Creek, Lower
Klamath River (Site: TC Pond B-1: Top-March 29, 2011; Bottom-March 30, 2012).
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Figure 20. Photographs taken from a permanent photo-monitoring site in lower Terwer Creek
(Site: TC ELJ1-2-East: Top —10/6/11, Bottom — March 29, 2012).
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